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Quality Assurance Program
Golden Gate Attenuated Total Reflection (ATR) Infrared Attachment

Purpose

To verify that the attachment is suitable for use in the analysis of drug samples (in
particular cocaine hydrochloride and cocaine base) and that all analysts are trained in the
use of the technique.

Procedure

The Golden Gate is a one-piece attachment that can be installed, removed, and reinstalled
as necessary. It is compatible with both the Avatar and the Nexus IR. The Golden Gate
is placed in an Avatar 360 IR in the Drug Section of the TBI Crime Laboratory. The
Avatar 360 recognizes when the Golden Gate is in place, installs the necessary software
parameters automatically, and runs a self diagnostic to insure the electronics are running
properly. After the diagnostic is run, a green check is placed in the ready box if the
Golden Gate was installed properly and ready for use. If the performance check fails
upon installation, the Golden Gate is removed and the instrument is to be checked for
proper alignment and operation. If the instrument is found to be performing correctly, the
Golden Gate is reinstalled and checked again. If the Golden Gate continues to fail, a
service engineer will be contacted. The Golden Gate was installed by a forensic scientist
in the Drug Section.

The Golden Gate was run at varying conditions to determine the settings to obtain the
best results for the least amount of time spent. It was determined the optimum
parameters for the Golden Gate ATR program should be Scans = 16, Resolution = 4,
Gain = Automatic, and Torque wrench = 50 ¢cN.m.

The next step was to run a variety of standards in order to obtain their respective ATR
spectra. The spectra were added to a library that was created by John Scott, Jr. This
initial library consisted of 192 compounds. Each spectra was checked against the Illinois
State Crime Lab library, published reference spectra, and our own KBr pellet spectra.
Spectra that were found to be acceptable were added to the ATR library and also put into
a standard reference binder. Some spectra were found to be unacceptable and were not
included in the library or the reference binder. For example, compounds that were in a
salt form for which there was no published reference available and compounds that are
amorphous such as some of the barbiturates which did not match any of the references
that we have available. Barbiturates are unique in that some of them tend to give unique
spectra depending on how they are extracted and the amount of pressure used to press the
sample. In order to use the ATR accessory to identify these barbiturates, the standard
would need to be processed in the same manner as the sample. If someone were to
choose to use the ATR for these drugs, they would need to run the standard at that time.
Additional compounds will be added to the library as necessary or as they become
available. Except for optical isomers and amorphous solids, the resulting spectra were
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determined to be able to differentiate and identify the compounds with no ambiguity. In
all cases the standards have been previously verified by FT-IR, GC/MS, or both.

All current forensic scientist permanently assigned to the Forensic Chemistry unit were
then given a briefing on how to operate the attachment. At this point three unknowns
were given to each chemist to analyze using the Golden Gate. This was done to verify
that they have an understanding of how the attachment operates and can obtain the
correct results. The software operation does not change when going from KBr
transmittance to ATR, therefore no additional software training was required.

After being reviewed by the Forensic Chemistry Section Supervisor, the TBI Quality
Assurance Manager, and the Regional Crime Laboratory Supervisor, the Golden Gate
ATR attachment was cleared for use in case analysis.
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Quality Assurance Program
Golden Gate Attenuated Total Reflection (ATR) Infrared Attachment

Purpose

The Golden Gate Attenuated Total Reflection (ATR) Infrared Attachment will be
maintained in good operating condition. Laboratory supervisors will be responsible to
ensure that all equipment is maintained in proper working condition. Forensic scientists
will be responsible to ensure that the day to day operation of the equipment meets their
particular requirements. The section supervisor will be notified if the attachment requires
outside maintenance support. Whenever equipment becomes irreparable or repair cost
become prohibitive, the equipment shall be taken out of service and arrangements made
for surplus.

Procedure

The Golden Gate is a one-piece attachment that can be installed, removed, and teinstalled
as necessary. The attachment is operated by placing a portion of the sample on the
diamond window of the ATR accessory, closing the anvil, and turning the knurled knob
until the sample is compressed against the diamond window. It is compatible with both
the Avatar and the Nexus IR. The Golden Gate is placed in an Avatar 360 IR in the Drug
Section of the TBI Crime Laboratory. The Avatar 360 recognizes when the Golden Gate
is in place, installs the necessary software parameters automatically, and runs a self
diagnostic to insure the electronics are running properly. After the diagnostic is run, a
green check is placed in the ready box if the Golden Gate was installed properly and
ready for use. If the performance check fails upon installation, the Golden Gate is
removed and the instrument is to be checked for proper alignment and operation. If the
instrument is found to be performing correctly, the Golden Gate is reinstalled and
checked again. If the Golden Gate continues to fail, a service engineer will be contacted.
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TENNESSEE BUREAU OF INVESTIGATION
FORENSIC SERVICES DIVISION

Method Validation Review Form

Procedure fo ue/\ éo.[t ’D,wryk A’TR

Check the appropriate New Test __ X Update of Test

This form is to be used as a coversheet for any new method, change in method, reagent or kit
change. The Forensic Scientist appointed for procedure development/validation is to initial and
date the appropriate box and attach documentation of required validation study results.

Submit all information to the Quality Assurance Manager prior to implementation of the
procedure.
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" TECHNICAL NOTE
Cynthia V. Koulis,* B.A.; Kerry J. Hymes;' and Jessica L. Rawlins’

A New Infrared Spectral Library of Controlled and

Noncontrolled Drug Standards Us
Reflection Spectroscopy

ing Internal

REFERENCE: Koulis CV, Hymes KJ, Rawlins JL. A new in-
frared spectral library of controlled and noncontrolled drug stan-
dards using internal reflection spectroscopy. J Forensic Sci 2000;
45(4):876-881.

ABSTRACT: An infrared spectral library containing 455 con-
trolled and noncontrolled solid drug standards was generated using
internal reflection spectroscopy. All attenuated total reflection
(ATR) spectra were obtained with small diamond internal reflection
elements. ATR spectra will have minor variations from transmis-
sion spectra commonly found in commercial infrared libraries.

KEYWORDS: forensic science, infrared spectroscopy, attenuated
total reflection, internal reflection spectroscopy, drug, substance
abuse, library, controlled substance

An infrared spectral library was generated using internal reflec-
tion spectroscopy. Forensic drug analysis by internal reflection
spectroscopy is a new application ‘of an established infrared
method. Attenuated total reflection spectra are produced when
samples are placed in optical contact with the surface of an internal
reflecting »clemént, Internal reflection elements (IREs) must have a
high refractive index and resist both mechanical damage and chem-
ical attack when samples are pressed into contact with their sur-
faces. To best meet these requirements, internal reflection FT-IR
accessories with small diamond IREs were selected to generate this
spectral library.

Internal reflection spectroscopy has experienced increased ap-
plication for infrared analysis, and ATR spectral libraries are
needed for forensic drug analysis. ATR drug analysis is now be-
ing used with limited published ATR spectral data for compari-
son. The ATR spectra are similar to transmission spectra, but with
some differences. The minor differences are a direct consequence
of the transmission and reflection process. The ATR spectra of
455 controlled and noncontrolled standards were collected. These
spectra are complied into an ATR spectral library for forensic
drug analysis.

\
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from Lewis University, respectively, Illinois State Police, Joliet Forensic Sci-

ence Laboratory, Joliet, IL.
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also place the ATR spectra into a specified c:\ drive library within b

Procedure

All 455 solid standards were obtained from various sources in-
cluding, but not limited to Sigma, Applied Science, K&K, USP,
Brinkmann, Aldrich, and Mallinckrodt. The standards selected
were obtained from the primary drug standards of the Illinois State
Police Joliet Forensic’' Science Laboratory, Joliet, Illinois. Each |
standard is labeled with its originating source and lot number. s

ATR spectra were obtained using a Mattson Genesis I Fourier 1
Transform Infrared Spectrometer (FT-IR) with a Golden Gate™
single reflection diamond ATR accessory and sapphire anvil
(Grasby Specac, Inc.), a Gateway 2000 computer equipped with
the WinFIRST program, and a Hewlett Packard Laser Jet 5 printer. &4
The following parameters were used: starting frequency of 4000 §
cm ™%, ending frequency of 500 ¢m ™, 4 cm ™" digital resolution, 36
scans, a triangle apodization and a gain of 1. Background and blank
spectra were collected every five samples. The spectra were also p |
peak-picked using a threshold method with a cubic spline filter, 2, §
peak sensitivity of 1, and a peak column of 3. .

A minimal amount of each solid standard was applied to the sur- |
face of the diamond. Preceding sampleé collection, the bridge was
gently clamped and the sample clamp hand-tightened. ‘

A macro was developed that would savé the data to the a:\ drive. |
These data include the interferogram, the generated ATR spectia |
with report, and the generated peak-picked spectra with report. The
macro prints a copy of each spectrum with report. The macro will 3

the WinFIRST program. The library specified was “goldgate.” The .
macro can be seen in Fig. 1. : i

Results

Upon completion of sample collection, each spectrum was Mt
ually compared with various reference material (1-3) and in-houses
standard transmission spectra. This comparison was not to ConiI72
the drug identity using transmission spectra, but to determine if U2
expected peaks were omitted or added to the ATR spectra. If
inspection found the spectrum to be unacceptable; then this 8P %
was reanalyzed using the same process. Of the 455 solid staﬂdaf' :
collected, 15 solid standards were labeled as unusable. These SP%4
tra remain in the library marked with an asterisk (*) at the be
ning of thé title information. Examples of commonly seen drugs
can be found in Figs. 2a through 21,
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closeallwindows

E = Ila:\ll

bench:method_name= "gga.ini"

cd E

bench:scan

enter A "Please enter sample file name"
save A

sample :info

plot "ppgg.ini"

cd E
pks:peakColumns = "three"
pks:peakFilter = "spline"

pks:peakMethod = "threshold"
pks:peakSensitivity = 1

pks:pick .

enter C "Please enter report File name"
report:name = C

report:write

cd E

sample: show

enter D "Please enter annotated file name"
save D

plot "ppgg.ini"

add2lib "goldgate"

cd E

T ————

e

D

FIG. 1—The macro ggadrive developed to obtain data.
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FIG. 2a—A peak-picked spectra of cocaine hydrochloride:
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FIG. 2d—A peak-picked spectra of ephedrine hydrochloride.
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FIG. 2e—A peak-picked spectra of pseudoephedrine hydrochloride.
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When the library was complete, validation tests were performed
using street samples and secondary laboratory standards. The li-
brary was found to be accurate in matching unknowns to the library
and is currently being used in routine analysis (Figs. 3 and 4).

Conclusion

=

ATR is a confirmatory technique for analyzing controlled and
noncontrolled substances in the forensic community. The small
size of sample, ease of sample preparation, speed of analysis, and
reproducibility of spectra make this an ideal method for drug anal-
ysis. Because there are differences between transmission and ATR
spectra, exact matching of these spectra is impossible. The addition
of this ATR spectral library gives the forensic scientist tsing ATR
a new database to more quickly, accurately, and confidently ana-
lyze drugs.
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ANALYSIS OF LiTaoM, SopiuM, AND POTASSIUM VIA FTIR-ATR: AN
EXAMINATION OF SUBTLE SHIFTS IN CARBONATE AND HYDROXIDE ToN
SPECTRA

BaRRY MILLER AND REBECCA GAXIOLA
California Department of Justice
Bureau of Forensic Services, Redding Regional Laboratory
11745 Old Oregon Trail
Redding, CA. 96003

INTRODUCTION:

Of the many methods for manufacturing methamphetamine,
the Birch-Benkeser reaction, commonly referred to as the “Nazi”
method, involves several analytical challenges. One of those
challenges is the identification of solutions containing lithium
salts. Lithium solutions can usually be qualitatively identified
using an open flame by observing a bright crimson color [1];
however, other metals in the sample may mask the color and render
the results uninterpretable. Lithium is not detectable by Energy
Dispersive X-ray analysis (XRF-EDX). Instrumental methods
commonly used for analysis of lithium include Atomic Absorption
Spectroscopy (AAS) and Atomic Emission Spectroscopy (AES).
Some AES instrumentation, such as Inductively Coupled Plasma

‘CP), Inductively Coupled Plasma—Mass Spectrometry (ICP-MS),
.ndDirect Current Plasma (DCP), can analyze anumber of different
elements simultaneously [2]; while simpler flame AES and AAS
instruments can only analyze one elementatatime. Unfortunately,
someof these instruments are costly and many forensic laboratories
do not have access to them. A novel application of Fourier
Transform Infrared Spectroscopy using an Attenuated Total
Reflectance sampling stage (FTIR-ATR) is presented as an
alternative to instrumentally identify ionic lithium.

EXPERIMENTAL:

Solutions of sodium hydroxide (NaOH), potassium hydroxide
(KOH) and sodium carbonate (Na,CO,) were prepared from stock
dry chemicals, Lithium hydroxide (LiOH) was prepared by
dissolving asmallstrip (approximately 1.0 cm?) of lithium metalin
water. The solutions were then taken to dryness on a hot plate
forming the respective solid hydroxide or carbonate salts. The
salts were analyzed with aNicolet Avatar™ 360 Fourier Transform
Infrared Spectrophotometer (FTIR); the single reflectance
Attenuated Total Reflectance (ATR) sampling attachment utilized
azinc selenide crystal. Immediately prior to analysis, the samples
were oven—dried at 80°C, to minimize interfering peaks from
moisture. They were analyzed at approximately 1,2, and 48 hours
after preparation to observe carbon dioxide uptake; representative
data for the 2 hour and 48 hour intervals are presented (Figure 1
a, b, and c; Figure 2) as spectra obtained after 2 hours or more
,howed no variation or interference from water vapor. Significant
interference due to water vapor was observed in spectra obtained

atone hour (datanotshown). A mixture of LiIOH and NaOH(1:1 by
volume) was prepared and analyzed to determine if samples in
which the chemicals were mixed (i.e. mixed with lye) could be
distinguished (Figure 3).

Results were recorded in inverse centimeters vs. percent (%)
reflectance. In the case of KOH, the results were initially recorded
in inverse centimeters vs. % reflectance and during the course of
examining the spectra, the results were converted to
% transmittance: however, both are mathematically equal [3]. Any
residual carbon dioxide that was not eliminated in the background
subtraction performed by the instrument was further subtracted
to remove it from the spectrum.

The concentration of aqueous solutions of LiOH, NaOH and
KOH were not measured since analysts do not have control of
concentrations recovered from clandestine laboratories.

RESULTS AND DISCUSSION:

Attenuated Total Reflectance (ATR) is well documented; in
brief, a single beam is reflected through a crystal-sample surface
and % reflectance is measured [3]. Spectraobtained by ATR tend
to skew towards the lower wave numbers. The automatic correction
provided by Nicolet® to correlate spectra obtained from ATR and
transmission FTIR was not used because the correction increases
the % reflectanée for higher wave numbers outside of the fingerprint
region (1500-600 cm™) and all of the peaks of interest with the
exception of the OH stretch are in the fingerprint region of the
spectrum.

During methamphetamine manufacture using the “Nazi”
method, aqueous LiOH solutions may be encountered. Drying the
solution produces a white, dehydrated LiOH precipitate. The
same process occurs with sodium (Na) and potassium (K). Lithium,
sodium, and potassium hydroxide are known for their ability to
absorb carbon dioxide from the air [4]. The dried hydroxide
precipitate absorbs carbondioxide (CO,) from the atmosphere and
forms a CO,~OH mixture. The resulting CO,~OH mixture can be
analyzed via FTIR-ATR. By observing the slight shifts that take
place in the carbonate ion spectra, and the hydroxide ion spectra
for monohydrated samples, the Li, Na, and K carbonate salts
withinthe CO,~OH mixture can be distinguished from one another.

FTIR-ATR analysis of the mixture reveals data consistent with
standard stock carbonate spectra (Figure 1b and 2). Closer
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examination of Li, Na, and K spectra show subtle changes in peak
wavelengths depending on the metal cation bonded to the
carbonate ion (Table 1). The stretching and deformation modes
for OH and CO, are documented (5). Reasons for the subtle shifts
in Li,CO,, Na,CO,, and K,CO, salts analyzed in Nujol using
dispersive IR have also been discussed [8].

Li Na K
WOH 3675" 3575" 3500"
uCOSZ.
(asymmetric C-O Stretch) 1420 1420 1520
uCOSZ- *
(symmetric C-O Stretch) 1084 19860
WCOs” 860 878 879
(out—of—plane deformation)
1COs” * 701 685
(in—plane deformation)

Tablel: Wavenumber (cm™) of absorption bands for
OH-CO, samples.
*Not observed for this sample.
Only observed in monohydrated samples. Peak
is medium intensity but sharp.

Analysis of the absorption bands indicates that when carbonate
ioncomplexestoLi, Na,and K, subtle shifts occurin the asymmetric
C-O stretch and the out-of—plane deformation of the carbonate
ion. The primary peak at ~1420 cm!, from the asymmetric C-O
stretch, does not vary significantly between Li and Na but
demonstrates a significant downshift to ~1390 cm™ in K. Out—of--
plane deformation at~880 cu™! does not vary significantly between
Na and K but demonstrates a significant downshift to ~860 cm!
inLi. Liexhibits a small, sharp peak for symmetric C—O stretching
at 1087 cm! while Na does not show a peak and K has a downshift
to~1060 cm! (Figures 1a, 1b, 1c). Naexhibits a small, sharp peak
at ~701 cm! while Li shows no peak and K has a downshift to
685 cm!. Based on the observed peaks itis possible to distinguish
between the three cations (or salts) by FTTR-ATR.

In samples that were heated to dryness on a hot plate prior to
oven drying at 80°C the monohydrate of the sample was observed
[6]. Li,Naand K exhibited amedium, sharp peak at ~3675 and ~3575
and ~3500 cm! respectively. These peaks were not observed in
oven—dried samples, as it is representative of OH stretching
observedin monohydrated samples [7]. However,inmonohydrated
samples, these peaks also demonstrate shift based on the bonded
metal.

The mixture of LiOH and NaOH could be distinguished. Peaks
from both compounds resulted and peak splitting was observed
in the out—of-plane deformation area (~860-880 cm™)(Figure 3).

It should be noted that Nicolet does not recommend prolonged
exposure of the zinc selenide crystal to strong acids or bases, as
it will cause degradation of the crystal [3].

CONCLUSION:

Analysis of lithium with standard forensic instrumentation can
be problematic. Although lithium carbonate andlithiumhydroxide
cannot be distinguished from one another by FTIR-ATR alone,
they can be distinguished from Na and K carbonate-hydroxide
salts. FTIR-ATR combined with sceneinvestigation and traditional
chemical methods (i.e. pH and flame tests) are adequate to confirm
the presence of lithium metal or lithium hydroxide in clandestine
laboratory analysis.
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ATR Theory

‘Under certain conditions, radiant energy incident on an internal surface of a transparent material with a high

refractive index is totally reflected. When an infrared absorbing material is in optical contact with a totally
internally reflecting surface, the intensity of the internally reflected radiation is diminished for those
wavelengths where the material absorbs energy. Since an internal reflecting surface is essentially a perfect
mirror, the attenuation of this reflected intensity by
a material on its surface provides a means of
producing its absorption spectrum. Such spectra are
called internal reflection spectra or attenuated total
reflection (ATR) spectra. ATR is the most common
term for this spectral collection technique. It is
convenient to regard the process as internal
reflection and the data as ATR spectra. The high
index of refraction material used to create internal
reflection is called an internal reflection element
(IRE) or an ATR crystal. Both terms are common.
Figure 1 illustrates the general features of an internal
reflection configuration and labeling of various
components.

The attenuation of the internally reflected radiation results from the penetration of the electro-magnetic
radiation field into the matter in contact with the reflecting surface. This field is described as an evanescent
wave. It is the interactio of thé evanescent field with the matter in contact with the IRE interface that results
in attenuation of the internal reflection. One of the most useful characteristics of this field is that its strength
decreases-rapidly with increasing depth of penetration into the material. In general the depth of penetration
is such that ATR spectra can be easily collected on thick and/or optically dense samples.

Factors Affecting ATR Spectral Analysis

The following factors affect the results obtained in an ATR experiment:
« Wavelength of infrared radiation

» Refractive index of the IRE and sample

¢ Depth of penetration

» Effective pathlength

« Angle of incidence ;

« Efficiency of sample contact

e ATR crystal material

Wavelength of Infrared Radiation : ‘
The penetration depth of the infrared energy into the sample is wavelength dependent. As the wavelength of the
infrared radiation increases, the depth of penetration increases. It is often convenient to discuss this in terms of
wavenumber: the depth of penetration increases as the wavenumber decreases. This causes the relative band
intensities in the ATR spectrum to increase with decreasing wavenumber when compared to a transmission

spectrum of the same sample. This phenomenon can be mathematically corrected by most commercial FI-IR

software packages.

0




Refractive Index

The refractive index of the IRE has the following two effects on the ATR spectrum obtained:

.. Byincreasing the refractive index of the IRE material, the critical angle 0, is decreased. The critical angle
is a function of the refractive indices of the sample and ATR crystal and is defined as:

— it D2
0.= sin (—ﬁl]
where:
n, = refractive index of the ATR crystal
n, = refractive index of the sample
9, = critical angle

2. The refractive index affects the depth of penetration of the evanescent wavgzin?ié the sampl By increasing
the refractive index of the IRE, the depth of penetration will decrease (i.e..changing from
will decrease the effective pathlength and therefore decrease the absorbanc spectrum. High index

ATR crystals are needed when analyzing high index materials.

Depth of Penetration

Control of depth of penetration is obtained by altering the angle:
respect to the crystal or changing the refractive index of the cryst
qualitative indicator of how far the evanescent wave extend
crystal-sample interface at which the intensity of the evanes
of its original value. Depth of penetration is determined using the follo

the incoming IR beam with
of penetration, d,,, is a useful

¥

t'is the distance from the

d,= -
P~ 2n(ne sin® 0, — ni)'”

Ao = wavelength of the infrared radiatio

n, = refractive index of the ATR crystal
n, = refractive index of the sample
9, = angle of incidence (see Angle of Incidence later in this section)

If the calculation takes into consideration the total interaction of the sample with the electric field, the reflected
field amplitudes are different for perpendicular and parallel polarization when the incident amplitudes are
equal. The effective penetrations (d,) are mathematically d ferent for the two polarizations. The relative
effective penetrations (d,,, de|) for an isotropic medium vari'_p;t‘arpendicular and parallel polarizations are:

du= nin, cosH | A
et i-nj mnisin*6-ni

d,= Rin.cosd, _ 2m S 0 — 1
AT -0y | mi-njsint®

m the normal to the reflecting surface)

THEORY
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The values in the ATR Calculations table on page 153 are the average of the values for parallel and perpendicular
polarization, i.e.:

_d¢L+del|
d,=JesCal

The depth of penetration (as calculated above) is useful for comparing the effects of the IRE refractive index, the
angle of incidence and the state of polarization. However, the experimental sampling depth is two to three times
the theoretical depth of penetration.

Effective Pathlength for Multiple Reflections

The effective pathlength (EPL) can be used as an approximate comparison between the expected absorbance
of an ATR spectrum and a transmission spectrum. In a spectrum obtained by transmission, the pathlength

is the thickness of the sample that is directly related to the absorbance. In ATR, the effective pathlength is

calculated as:
EPL = effective penetration X number of reflections (N)

where:
N= 1
ttand
1 = length of crystal
t = thickness of crystal
0 = angle of incidence

For horizontal ATR, the sample is applied to only one side of the IRE. To calculate the number of useful
reflections, divide N by 2 and round down. For example, if N =5,5/2 = 2.5, s0 there are two reflections at the
sample for an HATR crystal. The EPL is directly related to the absorbance, in that an increase in either the
effective penetration or the number of reflections will increase the measured absorbance.

Angle of Incidence
Changes in the angle of incidence of the infrared radiation have three effects on the ATR spectrum. The first is

that an angle of incidence must be chosen to exceed thiercritical angle in order to have internal reflection and
produce an ATR spectrum. In multiple internal reflection, the ang'lé"g‘f incidence affects the number of
reflections, which, in turn, affects the infrared absorbance. As the angle of incidenceiincreases, the number of
reflections decreases and the absorbanee decreases. Finally, changing the angle of incidence changes the depth
of penetration. When the angle of incidence is increased, the depth of penetration decreases so the absorbance
will decrease. '

Efficiency of Sample Contact Tl S e SR

Another factor that affects the quality of an ATR spectrum is the efficiency of sample contact. Because the
evanescent wave decays very rapidly with distance from the surface, it is important to have the sample in
intimate optical contact with the crystal. This is easily achieved with liquids because they wet the surface of ’
the ATR crystal. For solids, it is important to use a device that presses the sample against the IRE. i

0




IRE Crystal Material
The IRE material defines its refractive index, the infrared transmission range, and the chemical properties
he crystal. A crystal material must have a higher index of refraction than the sample to allow internal
Loilection. Materials with a refractive index greater than 2.2 are normally chosen as ATR crystals. An ATR
crystal material should also be chosen for its chemical resistance to the sample. ZnSe (n = 2.4), the most
common IRE, can be used for samples with pH between 5 and 9. AMTIR and Ge are recommended for use
with acids. Either ZnS or Ge is the recommended choice for use with bases. However, Ge has high reflection
losses and lower throughput than ZnS, while ZnS has a limited spectral range. See page 129 for additional

crystal material information.

THEORY

ATR Calculations

| Note: n, = 1.5 @1000 cm’

9 # of reflections (HATR ; | | AMTIR(n;=25)
EP  EPL(um) | | d, EP  EPL(um)

NA  NA N NA  NA
326 4564 | ‘, 1.845 38.75
101 1212 ! 0.807 9.68
0582 5.82 | 0493 4.93
0389 3.11 _ 0339 271
0277 194 { 3 0245 1.72
3868 N/A j 36.87 NA




NOU-12-2083 11:@7

A —_ . — - e ——

Y003

FBI LABORATORY LIBRARY

Optical spectroscopy:
SIX SAMPLING TECHNIQUES

N.J. Harrick war eduzated at the University
of @ritlsh Columbia, Hervard University,
and Qxford Univers(ty. A Fellow of the Amern
wan Physical Suciery. he is Founder and
President of Harrick Seleatific Corporation,
in Ossining, New York, a firm thot specializes
in designing and building instrumemtation for
oprieal spectroscopy. Dr. Harrick was the
Jirst o propose the technique of internal res
Slection spectrozeepy ond has exiended the
ufc of optical speemroscopy to many diverse
areas, He has awhored nimerous publicg-
nioRs. (Kvited pupers, and p Including
the book, Intemal Reflection Spectroscopy.
He &2 the reciptent of the New York Sociery
Jor Applied Specrroscopy Medal and the Will-
lams-Wright Award of the Coblentt Society
Jor vwsianding coniributions to the fleld of
optied specrroscaopy.

Harrick

OCTORER 1388

IX SAMPLING techuiques are

cwrrently used to record opti-

cal specma. Thesc techniques
are: [ansmission  specmoscopy
(TS), extetnal reflection spectros-
copy (ERS), internal reflection
spectroscopy (IRS), diffuse reflec-
non specrascopy (DRS), emission
spectroscopy (ES), and photoacous-
uc spectroscopy (PAS) (see Figure
T

Each technique has its advan-
tages, ranging from ease of sample
preparation to making it possible to
record spectra where other rech-
niques fail; and disadvantges, such
as requiring destruction of the satn-
ple in preparation, yielding poor
spectra, and ones that are difficuls
10 interpret.

Each techaique, in fact, yields
differenc spectra, Furthermore, with
any techaique, the namure of the
spectrum can be altered by changing
conditions and parameters such as
particle size, packing frastion. angle
of incidence, and polarization of the
light. For these reasons it is very
helpful, if not essential, to under-
stand the interaction of light with
macer which givas, in most cases,
some physical insight as 1o why the
spectrum Jooks the way it does. In
many cases, it is possibl= to at least
qualiratively explain the nature of a
spectrum  from  simple  oplicul
phtnomena,

Considerable effort has been
made [0 generate spectra recorded
by the various techniques that look
like ransmission spectra, This isuns
derstandable because thers are lacge
libraries of transmigsion spectra
available. With some of the tech-
niques it is not always ewsily possi-
ble to make a spectrum lock like a
trunsmission specoum. This is the
reason that an understanding 35 to

XT13-TII-J1SY
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Flgure 1 Symbols depict six optical
spectroacopy sampling techniques.

why the spectrum [ooks the way it

does is helpfil. Propress is being
made in providing computer pro-
grams to transfortn many spectra ob-
tained via the various techniques to
transmission-like specrra. :

[n order 10 employ the vurious
sampling t=chniques, the yser re-
quires ¢ither a dedicated instrument
or accessories, In fact, in many if
not most cases, the accessory sells
the instrument because techniques
employed are mostly othet than
transmission. The instrument by it-
sclf canoot do much.

Teble 1 serves as a guide for
selection of the preferable technique
10 record the spectry of vagious sam-
ples. Tnn some cases, there is litle
or no doubt as to which js the best
technique. In other instances, two
or more techaiques may yield
spectra of comparable quality and
other factors must be considered in
sclection of the chnique to be em-
ployed.

The following paragraphs de-
scribe sach technique briefly, noting
the advantages, disadvantages, and
typical accessories for each tech-
nique, Several of the spe¢tra shown,
we believe, can be recorded only
via that pasticular technique. and
some depict ultra microsampling.!
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Table 1

Sampling tschniquos salsction guide

Sample TS ERS
G a5 L4 0] 4
(W= 1] - ==
Powdar i -—
Singla crystal e .
‘Thin film on melal F
Roughfiima on metal
Trin tiim on dislectric
Rough surfaces
Opticat conetante
Film thickness
Anigotrople samplos - &
Micrg ¢ratersand

crevices —_ —

Micro and pang-
sampling
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? Questonable
= Notusable
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Transmission spectroscopy (15)

This technique can be used for
solid, liquid, and gas sumpling. The
light beam is passed through the
sample and only the pathlength
(sample thickness) can be adjusted.
Transmission spectroscopy was the
only mcthod in general use until 25
years ago, Sinée there are extensive
libraries of transmission specra,
they arc curtently used as a standard
for comparison of spectex obtained
by other techniques, This should not
be consuued that the runsmission
spectra are simple and represent
only absorption by the sample.
These spectra arc quite complex und
are depepdent not only on absorp-
tion coefficient, but also on reflec-
tivity of the sample, angle of inci-
dence, polarization, and, for par-
ticulate matter. on particle size and
orienation.

In many ¢ases transmission spec-
troscopy requires no or only simple
aceessories, The principle disadvan-

. tage of TS is that in many cases

sample preparation is destructive of
the sample.

: QCTOBER 1988

The three mirror White cell is a
usefil aceessory for studies of gase-
ous samples, In Figure 2, an optical
diagram of the White gas eel) shows
aligament of the cell for eight pas.
ses.

A Brewster angle holder acces-

733 632 8374
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Objective
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Flgure 2 Optical diagram of the White
gas callzhowing the alignment ol the ceit
for sight passes.

sory with polatizer permits the re-
cording of transmission spectra of
thin films withaut interference
fringes. As illustrated in Figure 3,
spectra of Mylar film with fringes
arc shown as recorded in a rypical
ransmission measurement  while
one withoul [ringes s recorded with
the Brewster angle attachment. Note
that the laner spectrum shows weak
bands obscured by fringes in the
upper spectrum,

The tansmission specaum of 4
3.5 ng (0.005 mm thick) Mylar fitm
witha25-pm aperuiz and aconven-
tional € X bearn condenser using a
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Flgure 3 Spectra of Mylar Rim with fringes es recerded In a fyplcal transmission

megsyremont whitg ono withour,

fringes is recorded with the Browster angle sRach-

ment, Nate that the laror spserum shows woak bands obscured by fringes inupper
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and a convantional 6%

DTGS detector was recorded after
100 scans (Figure ).

External reflection
specrroseopy (ERS)

fn this techniqu, light is reflecied
from 2 smoath (specular, i.e., mir-
ror-like) sample surface ta record its
specorum, ERS was anslyzzd
theoretically 8s a spectroscopy teche
nique for films on mirror surfaces
in 1959, Some applications fol-
jowzzd i the mid-1960s and the weeh-
nique found wide usc in the 1870s
when spectromeier attachments be-
came more readily available. Sam-
ple preparion is nondesmuctive.
ERS is a noncontact SpEcteoscopy
method and is particularly useful for
film thickness and fefractive index
measurements from  interference
fringe as well gs recording
spectra of thin films on metal sur-
faces. Because large angles of inci-
dence must be employed, the deam
is syneared out (as l/cos ©) ovet 3
large azea and therefore has disad-
vantages for exwnination of small
acas.

ERS spectra may look different
from transtnission spectra in many
ways, ¢.§., bands may be shifted to
highet wave numbers, spectfa may
follow the dispersion in refractive
index, and spectral contrast muay not
depend linearly on sample thick-
ness. Further study, however, is

" necessary in order to provide bemer

guidelines for understanding these

phenomena.
‘A versatile reflection arachment
(VRA) with rewo-mirror accessory
i diamond

angle, remains aligned. when the
angie is changed. In Figure 5, the
extemal refiection spectra of 2 500
A thick film of SiO on aluminum
recorded ot different angles with p
polarization shows a strong signal
which inersases with angle of inci-
dence due to presence of Si0 file.
Figure 6 compares transrission and
reflection from a 12-pm Mylar film
at an angle of incidence of 15°, Nolc
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OPTICAL SPECTROSCOPY continueg

that bewer defined interference
fringes arc obtained jo refleclion
with less distortion due 10 the ab-
sorption bands. Polarized light can
be used 6 desompose the doublc-
fringe panem into single-fringe pat-
erns showipg that film is aniso-
tropic (Figure 7).

Internal reflaction
speciraseopy (IRS)

For IRS, one introduces light inta
a suitable prism al an angle of inci-
dence exeexding the critical angle,
Because of the presence of the eva-
nescent wave (penemating electro-
magnetic field), one needs only to
bring n sample i cantact with of in
close proximiry to the reflecting sur-
face, From the interaction of this
penetrating field with the sample, a
spectrum can be recorded withour
any sample preparation, The JRS
lechnique is nondestructive and can
be used for solids, liquids, and pow-
ders. Introduced in 1959, IRS has
been in wide use since the early
1960s and has become very popular
becuuse little or no sample prepara-
tion is required. The spectra for IRS
can be readily interpreted and arc
best undetstood becauss the effec-
tive thickness equations provide
physical insight into the natre of
the interaction of the evanescent
field with the sample, These equa-
tons clearly show the purameters in-
volved and how they affect the spec-
trum, For thick films, the absorption
bands are more intense at longer
wavelengths. As the angle of inci-
dence approaches the ctitical angle,
the bands tend fo broaden on the
long wavelength side apd the
minima are displaced o lopger
wavelengths (lower wave numbers).
Dispersion type spectra are obtained
very close to the critical angle.

Laternal reffection spectroscopy is
also an excellent technique for deter-
mination of optical constants. The
principle disagvantage is that for
solid sampling, distortcd specm2
may be obtained if good contast bee
weeh the sample and the internal
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Figure & Ry diagram of the twint paralisl
mirror 8ttacirmant.

reflection element (IRE) is not
achieved.

Figure 8 shows a ray diagram of
the twin parallel misror attachment.
The spectra in Figurz 9 of a band
of sili¢one lubricant at 7.9 pm come
pared internal reflection spectra for
unpolarized light at various angles
of incidencc to a transmission Spes-
aum. In Figure 10, spectra of watez
recorded using a different nuraber
of reflections were obtajned by in-
creasing the level of the liquid in
the reservoir of the nine.reflection
prism liquid cell, For Figure 1/, the
spectrum of the end of a fiber 20
um in diameter was recorded via
internal  veflection  spectroscopy.
The fiber mazerial is poly(ethylene
tecephthalate) and the amount of
fiber sampled is about ! ng.

Diffuse reflection
spectroscopy (DRS)

This techuique Wiso rapidly
gained wide popularity because of
its applicability to powdered sam-
ples and ones with rough surfaces
which can be secorded by illuminat-
ing these surfaces and, with the aid
of fast oprics, collecting sufficient
light for spectral analysis. (Other
techniques, i.c., ES and PAS, can
now 2lso be used for such samples.)
This has been done routinely In the
UV.VIS with intagrating spheres,
but only recently has it been applied
1o the IR where fast ellipsoids and
parabaloids are used to collect the
scattered radiation, The Harrick
Praying Mantis diffuse reflection at-
tachment (DRA) operates well not
only in the IR but also ovtperforms
the integrating sphere in the UV-
YI1S. Reaction chambers have been

FBI LABORATORY: LIBRARY
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OPTICAL SPECTROSCOPY contnued L N L . L

%

developed and are used successfully
for caralysis studies and srudies fol-
lowing rcactions such as the oxida-
tioa of coal.

Since diffusc reflection spectra
are the result of interaction of Jight
in every concsivable way, the
spectra may exhibit featres of
transmission, cxternal andfor inter-
nal reflecrion. One bothersome fea-
wie is the presence of reststrahlen
bands whose contrast ¢an be reduced
by sample dilution and by the use
of offaxis cllipsoids such as thosc
found in the Praying Mantis mode!
DRAs. In addition, sample pasticle
size and angle of ilumination and/or "
observarion can affect the observed '
speetra.

The principle disadvantage of dif-
fuse reflection spectroscapy is that
carcful sample preparation is re-
quired to obtain reproducible spectra
and ones in which restsrahlen bands
aré minimizzed,

Figure ]2 tecords the spectrum
of a 20-um diameter FET filament
(0.2 py), slightly covered and rests
ing on a bed of potassium bremide.

018 ™

20D Pem—Fm

e

Figure 12 Emission specium of & spot of ink on an inside comar
of a magnetic disk madhwyite head.

Emission spectroscopy (ES)

In ES, the radistion emitted by
the samples is anglyzed. If room
temperature derectors arc used, the

P DI O Tt D20 N —

® B oW o um w
Vavernmbors
Flgury 14 Emission (1), diffuse refllaction (2), and transmission (3)
spectra of KBf powder showing stong bands prasent in
emission, waskar in diffyse reflection, and absent in ransmission.

Ly 1
g i

sample must be heated or cooled;

0.000 +

0,006 4

A0 ~~0n>cn X

0.p2

- - 2 » . BAMPLING WEAT ANEZMDLY
300 o 200 2000 M0 oW
Wavenumbers

Figure 12 Spectrum of a 20- -wm dlemarer PET flamsnt (0.2
Q). slightly covernd and resting on e bed of KBr.

Figure 15 Schematic dlagram of a
photoacoustic ceil.
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with low temperature detectors, the
sample tay remain at room temper-
aturc. ES i a nondestructive sampl-
ing technique and is part wlarly use-
ful for films on rough metal surfaces
and catalysis studies. ES canbe used
in some areas in which all other tech-
niques fail, such as in recording
spectra of impurities in microscopic
craters and crevices, such as illus-
teated in Figure 13, ’
Emission spectra are also affected
by the nature of the sample, €.g.,
particle size which controls surface-
to-volume ratio and concentration
which controls reabsorption of emit-
ted radjation and teads to imvert
emission peaks. Absorption bands
tend 10 be narrower in emission than
in transmission or diffuse reflection.
In a few cases, sclective reflection
is responsible for inversion of peaks.
This is because the reflectivity at
cerain  frequencies is mol fow

enough to be neglected. (Sce Figure

I4.)

In Figyre 14, cmission (1), dif-
fuse reflection (2), and transmission
(3) spectra of K8r powder are illus-
trated. Note that strong impurity

bands are prescat in emission,
weakez in diffuse reflestion, and ab-
sent in transmission,

Photoacoustic spectroscopy (PAS)

I this technique, the sample liter-
ally “talks” to the obszrver. Light
entering the PAS cell passes through
undoteeted if the sample is nonab.
sorbing, but heats and expands the
gas in the cell if light is absorbed,
This expansion (and subsequent
contraction) of the gas activales 2
microphone which makes an audible
sound whenever absorption occurs.

PAS is als0 a nondéstructive sam-
pling technique, Its spectra are ol
dependent on sample size or shape,
and band shifts and artifacts such as
reststrahlen bands and interference
fringes are absent. The signal-to-
noise ralio may increase with the
sample surface area. Sampleloading
and unloading em be tedious. PAS
is pariculacly scusitive to intexfer-
ing specwa from evolved gases. Ex-
meme caution must be exercised o
rainimizc vibration of the apparatus.

The detection of pressure waves

703 632 8374

is related to properties such as thee-
mal diffusivity which can vary be-
tween samples. Therefore, comparis
son of spectra between different
pes of samples is not as
strmghtforward s with other teche
niques. Depth profiling can be
achieved by changing seanning
spesds, Four sampling heads ed-
dress importaat classes of materials
analyses, viz., 2 diffuse reflectance
head for analysis of highly light scat-
tering malcrials, a photoacoustic ab-
sorbance head for opaque materials,
1 transmittance head far light scat-
wring materials thot transmit light.,
and a microsampling head for sam-
ples in the 10 pm range and larger.
These four operating modes of
photoacoustic ~ detection provide
complementary information on sam-
ples for which often no_single
method is entirely switable.

Figure 15 shows the schematic
diagrarm of a photoacoustic cell and
Figure 16 the specta of paper con-
wining clay measured by diffuse re-
flectance and photoacoustic absorb-
ance.,

Conclusion

Optical spectroscopy has coruc 8
long way in the last 20 years. This
can be attributed not only to the ins
troduction of (he Fouri¢t wransform
spestrometer but, more importantly,
1o the development of new sampling
techniques and  accessories that
make it possible 10 record spectr in
many areas that were previously im-
possible. The accessories in many
cases sell the instrument. Both de
instrument and accessory sales have
grown more than 1en-fold in these
past 20 years, The further growth
for this most powerful analytical
ool is limited only by one’s imagi-
nation. This applies not only to the
infrared but also to the far infrarcd,
UV-visible, and now the near in-
frared.

Reforence

1. Foc aore datails regarding the use of all
six sampling teehmigues 08 well 35 3 com-
pletz Tist with titles of published papers
and books for zaeh 1echaique, sex Optical
Specirascopy: Sampling Techniques Man-
usl, Harick Scicntific Corp. (1987).
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Sampling Notes

(S

1 Introduction "'+

The Thermo Nicolet Smart Golden Gate MKI| Single Reflection ATR .
system is a versatile accessory with a number of different sampling "’

The accessory Uses a 2 mm X 2 mm square diamond, brazed into a
tungsten carbide disc. The active area of the diamond is approximately
1mm diameter in the center.

The top clamp mechanism is supplied with two interchangeable
compression head anvils. One of the anvils is fitted with a flat sapphire
for compressing hard solid samples. The other anvil has g concave
stainless steel surface for irregular samples (e.g. polymer pellets),
preventing sample movement during compression.

When pressure is applied the anvil does not rotate against the sample.
This ensures that heat is not generated by friction, as heat could

Corrosive Samples

The ATR element in the Golden Gate is.high temperature bonded into
tungsten carbide using a metal layer, Tungsten carbide and diamond
have exceptional chemical resistance properties; However, we cannot

all materials, particularly under hostile conditions of elevated
temperature.

We recommend that your sample is confined to the center of the
diamond only when there is any risk of chemical attack upon the
materials of construction.

A sample épojté microns deep _w'i.t'h a diameter of 600 microns is
sufficient. We recommend that _éapipe»ttvge_,_ or similar glass capillary



Thermo Nicolet Smart Golden Gate Mkl

tube, is used to apply small sample spots to the center of the diamond
only. .

The Golden Gate is capable of handling a diverse range of chemically
aggressive materials. However, we recommend that in order to protect
your accessory, your sample is cleaned off soon after analysis is
complete.

For information on spares, consumables, and Golden Gate upgrade
options please contact your local Thermo Nicolet office.

Sampling Not

2. Using the Thermo Nicolet Smart Golden Ga
MKI! .

General Principles

When using the Thermo Nicolet Smart Golden Gate MKII Single
Reflection ATR accessory the sample is placed onto the crystal area
(1) of the top plate. The contact between sample and crystal is
improved using the clamp bridge (2) and an appropriate compression
head anvil (3).

The diamond crystal is brazed into a surrounding support disc of
tungsten carbide.

(O—

Fig 1: Side View of MKII Golden Diamond ATR Top Plate (Bridge Closed)
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Fig 2: Side View of MKIl Golden Gate Diamond ATR Top Plate (Bridge Open)

Features of the MKIl Golden Gate Clamp Bridge
Torque Limiter Screw R

The Thermo Nicolet Smart Golden Gate MKII Single Reflection ATR
top plates are provided with a special built in torque limiter screw (4).
When the torque limiter screw (4) is turned clockwise it will provide a
maximum load of 80Ibs (spread over the area of the anvil face) to the
sample. After this load has been achieved the screw rotates without
increasing the load. This means that there is no need to use a torque
wrench for routine sampling. However, a torque wrench with torx head
adaptor (10504 and 10505 respectively) can be supplied separately to
provide loads up to 160Ibs, using the torx head screw fixing (5) (See
Fig 3). R

Figure 3: Torque limiter screw
showing torx screw fixi ng

Sampling Notes

Quick Lock and Release Mechanism

The clamp bridge (2) has a quick lock and release mechanism (6).
When pressure needs to be applied to a solid sample the bridge must
be closed (see Fig 1). The quick lock and release screw is pushed
down and turned clockwise 90° to lock the bridge closed. To release
the bridge the screw is pushed down and turned anticlockwise 90°,

Important : When closing the clamp bridge ensure that the anvil
Is retracted so that it will not crash down on the
crystal or sample.

Stay up Device

Preparing the Accessory for Analysis

For the Diamond ATR the active sampling area is about 1.0 mm
diameter, in the center of the diamond. Samples smaller than this
should be placed centrally on the diamond for optimum results.

2.1 Undo the bridge quick lock screw (6) and lift the clamp bridge (2)
up past the stay up catch (7). The anvil (3) does not have to be in
contact with the diamond (1) crystal face to record a background
spectrum.

2.2 Ensure the diamond is clean and record a background spectrum.

Note: Ifitis necessary to clamp the Sapphire Anvil (3)
(10531 or 10522) directly onto the diamond without a
sample, (e.g. to check for contamination) care should
be taken to ensure that the anvil is level to the
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diamond crystal. This can be done by rotating the anvil Powders

(3) slightly before applying pressure. Only a small

amount of pressure should be needed to check for 1. Prepare the accessory for analysis by collecting a background
contamination. It is not advisable to apply the spectrum. (See 2.1 to 2.2, page 6).

maximum pressure loading without a sample.

St

2. Ensure the sapphire anvil (3) is firmly fitted to the end of the
) sample screw clamp (9) by pushing the hollow end over the
' retaining ‘0’ ring. Position the anvil to be parallel to the bridge.

Note: When fitted, some movement of the sample
compression head (3) is allowed to adjust to the
sample shape during compression. This movement
enables even pressure to be applied across the
contact area.

Apply the powder to the surface of the diamond (1).

Gently clamp down the bridge (2) using the bridge quick lock
screw (6), ensuring that the anvil is clear of the sample.

5. Screw down the anvil (3) via the torque limiter screw (4). When a

: load of 80Ibs is achieved the screw will rotate freely. The sample

Fig 4: Closed Bridge MKII Golden Gate Diamond ATR Top Plate is now compressed between the diamond and sapphire anvil.
T Record the spectrum of the sample.

Using for Different Sample Types 6. To remove or change the sample, release the pressure on the

. ; . le first by unscrewing the torque limiter screw (4) before

Important: Golden Gate elements are selected for their freedom SR 3 . .

p from natural structural flaws using optical test undoing the bridge quick lock thumb screw (6). Rest the bridge up
methods. It is possible to over-stress the diamond past the stay up catch (7).
element by applying excessive point loads at the 7. Clean the powder from the diamond and wipe any powder off the
extreme corners. sapphire anvil (3) of the compression head.

If you suspect that your sample may contain

exceptionally hard particles, ensure that only a small

amount of sample is used and is placed centrally on Flat Solid Samples
the diamond. Do not apply maximum loading
immediately. Use a torque wrench set to 20 cNm
(approx 33 Ibs). Acceptable spectra may be obtained
without the requirement for the full load of 100 cNm
(160 Ibs).

Flat solid samples are analyzed in the same way as powders, placing
the sample face down on the diamond.

R N



Thermo Nicolet Smart Golden Gate MkIl

Sampling Note

Liquids and Pastes

Pellets
1. Prepare the accessory for analysis. (See 2.1 to 2.2, page 6)
Pellets are analyzed in the same way as powders, except that the
ellet anvil is used. The pellet should be placed centrall th : . ,
ziamond P P rafy on the Note: There is no need to use an anvil and the bridge clamp
. The bridge can remain open past the stay up catch (7,
Ensure the conical recessed stainless steel pellet anvil (10532) (3) is
firmly fitted to the end of the sample screw clamp (9) by pushing the
hollow end over the retaining ‘0’ ring. 2. Apply a siall quantity of the sample, sufficient to cover the
diamond surface (only a thin covering is required).
Notes: The conical recess head ensures that the sample is o . . :
retained safely under the anvil during compression. 3. If the liquid is volatile place the yolatlles cover 10503 (Fig 5) over
Pellets of 1.5mm in diameter or less are not suitable for the sample to prevent evaporation.
the recessed head. These are best analyzed with careful Record the spectrum of the sample .
manipulation using the flat sapphire anvil. . , .
w 5. To remove the sample wipe the diamond and tungsten carbide

Fibers

Fibers are analyzed in the same way as powders. Lay the fiber
centrally across the diamond crystal surface and tape down the ends
out side the diamond crystal surface if necessary.

Note: The fiber may be taped across a support frame and
laid on the ATR top-plate with the sample centrally
across the diamond. For larger wires or fibers the Wire
Holder diamond ATR Top Plate (10565) can be used
with an appropriate narrow or wide Grooved Anvil
(10547) or (10548).

10

surface with a cloth and suitable solvent.

S

Fig 5: Volatiles Cover (10503)



Thermo Nicolet Smart Golden Gate Mkll

Pressure on Sample (Load)

The table on page 12 gives a guide to recommended loads for different
sample types. The optimum load requirements for some typical
samples are determined by recording spectra at increasing loads until
the desired result is obtained. The optional Torque Wrench (10504)
with Torx Adapter (10505), not supplied with the MKIl Golden Gate,
should be used for these settings (see Fig 6).

P/N 10504

P/N 10505

Fig 6: Optional Torque Wrench with Torx Head Adapter

Optional Torque Wrench

There is a torx screw fixing (5) inside the top of the torque limiter screw
(4). The torx head adapter piece of the torque wrench fits in to this torx
screw fixing in order to turn the torque limiter screw. Loads from 33 Ibs
up to 160 Ibs (20 cNm to 100 cNm as shown on the torque wrench)
can then be applied to the sample.

12

Type of Sample

Powders - soft

Powders - hard

Films and Plastic fragments
Polymer pellets - soft
Polymer pellets - hard
Fibers

Liquids and Pastes

Torque
Setting
(cNm)

20-60
40 - 80
40 - 80
20-60
60 - 100
40 - 80
Nil

Approx.
Load
(Ibs)

33-100
67 - 133
67-133
33-100
100 - 160
67 -133
Nil

Sampling Note



Thermo Nicolet Smart Golden Gate Mkil

3. Legend : Notes

(1) Sampling Area/diamond Crystal

(2) Golden Gate Clamp Bridge

(3) Sampling Head/Anvil

(4) Torque Limiter Screw

(5) Torx Head Screw F ixing

(6) Quick Lock Screw

(7) Stay Up Device (internal fixing)

(8) Golden .Gate' Bridge Support

(9) Sample Clamp Screw Fixing

14



Notes

Worldwide Distribution

France

Eurolabo - Paris.

Tel.01 42 08 01 28

Fax 0142 08 13 65

email: contact@eurolabo.fr

Germany

L.O.T. - Oriel GmbH & Co,

KG - Darmstadt

Tel: 06151 88060

Fax: 06151 880689
emailiinfo@LOT-Oriel.de
Website: www.LOT-Oriel.com/de

Italy

Hellma Italia s.r.I.- Milan
Tel: 02 2611 6419

Fax: 02 2611 3331
email: info@helima.it
Website: www.hellma.it

Japan

Systems Engineering Inc. -Tokyo

Tel: 03 3946 4993

Fax: 03 3946 4983
emaiI:systems-eng@systems—eng.co.jp
Website: www.systems-eng.co.jp

Netherlands

Goffin Meyvis — Etten - Leur
Tel: (0) 76 5086000

Fax: (0) 76 5086086

email: info@goffinmeyvis.com
Website: www.goffinmeyvis.com

Spain

Teknokroma S.Coop C. Ltda Barcelona
Tel: 93 674 8800

Fax: 93 675 2405

email: comercial@teknokroma.es

Switzerland

Portmann InstrumentsAG

Biel-Benken

Tel: 061 726 6555

Fax: 061 726 6550

email: info@portmann-instruments.ch
Website:www.ponmann-instruments.ch

USA

Specac Inc. - Atlanta

500 Technology Court
Smyrna
GA30082-5211,USA

Tel: 770 803 1106

Fax: 770 319 2488

Toll free: 1-800 447 2558

United Kingdom

Specac Ltd. - London

River House, 97 Cray Avenue,
Orpington

Kent BR5 4HE

Tel: +44 (0) 1689 873134

Fax: +44 (0) 1689 878527
Registered No. 1008689 England
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Search resuits for: 94 donna flowers
Date: Mon Nov 03 13:21:00 2003
Search algorithm: Correlation
Regions searched: 3998.72-599.78

19Adonnaflower
o 80 E "/\—\m\\//-"—""‘_"/ " ﬂ :
x » V &\va YO I
," ;VGHFrEBIne-FIGFI&?&:R:EaTborat es-Lof#6720-A = I
@ | Match:98.89 \/QL| NWAWWMMM.
\ =
F 50 =
{Yohimbine .H CI\[\A’\
% 50]Match:87.47 _ | W,\//f 1 /WW
3 | Molecular Formula: C21 H26' N2 0 I
{Yohimbine-HCIFisher ]
x50 Match:75.73%\"W Ny
- ] VJLJ W
3500 3000 2500 2000 1500 1000 W
Ls Wavenumbers (cm-1)
earch results list of matches
Index Match  Compound Name Library Name
1 154 98.89  Yohimbine HCI K & K Laboratories Lot #5729-A 7} TBI ATR LIBRARY
2 248 87.47  Yohimbine .HCl HR Georgia State Forensic Drugs
3 220 75.73  Yohimbine HCl Fisher Illinois State Police Drug Library by
Diamond ATR
4 115 38.71 Oxandrolone USP Lot #F-2 TBI ATR LIBRARY
5 140 35.65 Oxandrolone USP F-2 C- Illinois State Police Drug Library by
Diamond ATR
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Search resuits for: 98 donna flowers
Date: Mon Nov 03 13:23:33 2003
Search algorithm: Correlation
Regions searched: 3998.72-599.78

AR]

> 0/

{PHENYLPROPANOLAM
50 -{ Match:90.74
| File name: PHENYLP

9B—donna flowe \Wﬁf
T LA TR
{Phenylpropanolamin HCI_USP Lot #G-1
80-| Match:99,29 Wﬂ /
60

INE'HCL USP STD G-1 NEE HKBR rmwr\ﬂ(v‘\
S AT

| %R %R %R

{Phenylpropanolamine .HCI _ ) N
50| Match:87.65 Kc VW
1 Molecular Formula: 9\)4T&N1\O1
3500 3000 2500 2000 1500 1000
Wavenumbers (cm-1) ]
Search results list of matches
Index Match  Compound Name - Library Name
1 127 99.29  Phenylpropanolamine HC USP Lot #G-1 TBI ATR LIBRARY
2 146 90.74  PHENYLPROPANOLAMINE HCL USP STD G-1 NEET WITH KBR TBI Drug Library
3 455 87.65  Phenylpropanolamine .HCI HR Georgia State Forensic Drugs
4 98 84.38  Phenylpropanolamine HCl Sigma 90F-0404 Illinois State Police Drug Library by
Diamond ATR
5 40 50.96  D-AMPHETAMINE HCL EXT.FROM D-AMPHETAMINE SULFATE K&KLABS LOT TBI Drug Library
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Search resuis for; 9C donna flowers
Date: Mon Nov 03 13:26:18 2003
Search algorithm: Correlation
Regions searched: 3998.72-599.78
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50
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% iaatch:99.31 \rr\x\/"’\ /j/‘ fﬂ,ﬂ’ ﬁfqﬂwj
' l

0

%

50

3500 3000 2500 2000 1500 1000
Wavenumbers (cm-1)
earch results list of matches

Index Match  Compound Name @ Library Name
1 79 99.45 (D,L)-Methamphetamine HC K&K Lot #732A S TBI ATR LIBRARY
2 83 99.44 (-)-Methamphetamine HCl Sigma Lot #44H0081 TBI ATR LIBRARY
3 82 99.31 (+)-Methamphetamine HCl Sigma Lot #M-8750 TBI ATR LIBRARY
4 49 90.29 D-METHAMPHET, AMINE HCL ALLTECH ASS. STD LOT 389 NEET WITH KBR TBI Drug Library
5 100 87.73 METHAMPHETAMINE HCL STD SIGMA LOT 52H0132 NEAT PWF TBI Drug Library
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Search resuics for: KIC SAMPLE 10A
Date: Wed Nov 12 10:23:53 2003
Search algorithm: Correlation
Regions searched: 3998.72-599.78
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Wavenumbers (cm-1)
~ Search results list of matches

~ %Reflectance %Reflectance

Index Match  Compound Name Library Name

1 194 99.24__Morphine HCT S. B. Penick_Lot #464NRNOUL TBI ATR LIBRARY

2 165 ;87".90' " Morphine HCT Merck 60736 ————— llinois State Police Drug Library by
Diamond ATR

3 149 48.15  Morphine .HC| HR Georgia State Forensic Drugs

4 297 45.36  Codeine PO4 Pennick A05456 C Illinois State Police Drug Library by
Diamond ATR

5 296 42.01 Codeine HCI S.B. Pennick C Illinois State Police Drug Library by

Diamond ATR
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Search resuics for: KIC SAMPLE 10B
Date: Wed Nov 12 10:29:04 2003

Search algorithm: Correlation

Regions searched: 3998.72-599.78

e
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| Match:97.33 p
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Search results list of matc es

Index a e Library Name
122 973 ethidine . Penick Lot #0501 Q__.. TBI ATR LIBRARY
135 90.41  PETHIDINE HCL STD (S.B. PENICK) NEAT KAL TBI Drug Library
71 85.10  Meperidine HCJ Winthrop N658CC Illinois State Police Drug Library by

Diamond ATR

1866 48.87  Normeperidine .HC| HR Georgia State Forensic Drugs

884 46.79  Piminodine .HCJ HR Georgia State Forensic Drugs
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Search resuics for: KIC SAMPLE 10C
Date: Wed Nov 12 10:30:42 2003
Search algorithm: Correlation
Regions searched: 3998.72-599.78
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earch results list of matches

Index Match  Com Library Name
1 32 99.13  Cocaine Base—Merck Tot-#4747 TBI ATR LIBRARY
2 406 90.13"" Cocaine base from - Trom-Cocaine HCL Mallinckrodt L Tllinois State Police Drug Library by

Diamond ATR

3 1744 83.53 Cocaine (synthesized crack) HR Georgia State Forensic Drugs
4 178 79.94  Cocaine HR Georgia State Forensic Drugs
5 32 76.31  STD COCAINE FREE BASE (MERCK) PWF TBI Drug Library
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Search resuits for: UNKNOWN SAMPLE 11B GLEN JAY GLENN
Date: Mon Nov 03 15:36:28 2003

Search algorithm: Correlation

Regions searched: 3998.72-599.78

[ 80 JUNKNOW N SAMPLE T1B-GEEN-JAY-GLENN BN

60- __*_f2:::::1&/:w:“ﬁA;;;;%;J};%APL;;;:%;;Ci;:?

(Cocaine HCFSigma Lot #50KT:
50.] Match:96.97

{Cocaine-Hydrochloride Nl nckrodt 1520SMC165 C
50-| Match:89.09 “"‘””V/M‘w-W#m———l//v
;:Cocalne HCI W

50- Match:84.10
1 Molecular Formula: C17 H21 N1 04

3500 13000 2500 2000 1500 1000 |
Wavenumbers (cm-1 ) )
Search resulfs list of matches
S @

%R%R T %R %R

Index Match  Compound Name Library Name
1 31 96.97 Cocaine HCJ Sigma Lot #50K1124 TBI ATR LIBRARY
2 31 89.09 Cocaine Hydrochloride Mallinckrodt 1520SMcC165 ¢ Illinois State Police Drug Library by
Diamond ATR
3 1373 84.10 Cocaine .HCI HR Georgia State Forensic Drugs
4 1372 83.33  Cocaine .HCl HR Georgia State Forensic Drugs
5 36 82.51 COCAINE HCL STD SIGMA 48F0208 NEAT PWF

TBI Drug Library

&6 11-3- 20903
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Search resuits for: UNKNOWN SAMPLE 11C GLEN JAY GLENN
Date: Mon Nov 03 15:39:29 2003

Search algorithm: Correlation

Regions searched: 3998.72-599.78
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| Match:96.94

50
{Thebaine =<

X 50 Match:92.56 M
| Molecular Formula: C19 H21 N1 03

flﬁeﬁa;h‘e“mk_’alo::i'azl\ﬁl"re"cl?cn%‘c 99 — ——
S 50 Match:79.77

%

3500 3000 2500 2000 1000 7
Wavenumbers (cm-1
‘TWWEWW'
Index Match  Compound Name /@ Library Name
1 152 96.94  Thebaine S. B. Penick Lot #499-NMN-017 TBI ATR LIBRARY
2 383 92.56  Thebaine HR Georgia State Forensic Drugs
3 385 79.77  Thebaine Alkaloid Applied Science 499 Illinois State Police Drug Library by
Diamond ATR
4 113 77.75  Thebaine Alkaloid Sigma 53F-0682 C Tlinois State Police Drug Library by
Diamond ATR
5 1279 26.75  D-(+)-Arabitol

HR Georgia State Forensic Drugs

GJ6-11-3-200 3
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Spectra Produced on the
Golden Gate ATR Attachment

The following is a collection of spectra of all the compounds in the drug section. The
first section consists of approved spectra that have been sufficiently matched to published
spectra. The second section consists of spectra that have not yet been approved. As the
unapproved spectra are approved, they will be moved to the approved section and used as
a reference.
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Date: Mon Sep 15 14:21:12 2003 Apomorphine HCl Merk Lot #72731
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Benzocaine National Formulary Lot #68049
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Benzphetamine HCI Upjohn Lot #750BP
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Cannabidiol USP Authentic Substance Lot #F-1
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Chloral Hydrate Allied Lot #G255
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Clostebol Alltech Lot #145
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Date: Fri Sep 19 07:31:42 2003 1-Dehydrotestosterone Benzoate Sigma Lot #101F0507
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1-Dehydrotestosterone Undecylenate Sigma Lot #127F0632
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Demoxepam Hoffmann-La Roche Lot #5-2092
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Dextromethorphan HBr Sigma Lot #37H0616
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Doxepin HCI Pfizer Lot #1344-02021
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Date: Fri Sep 19 13:14:13 2003 Ephedrine Sulfate USP Lot #G-1
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Ethylmorphine HCI Merck Lot #72321
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Date: Fri Sep 19 13:52:32 2003 alpha-Ethyltryptamine Acetate Salt Sigma Lot #71H34811
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Scans: 16

Resolution: 4.000




%Reflectance

95-

90-

80-

75

704

65% k

60 -

|

4000 3000 2000 1500
Wavenumbers (cm-1)

1000

Fluw drazegam
Date: Fri Sep 19 13:58:22 2003 Hoffmann-La Rouche Lot #PP-1

Scans: 16

Resolution: 4.000




%Reflectance

95{
90-
85-

80-

75-
70-
65 -

60

55

50-

4000 3000 2000 1500
Wavenumbers (cm-1)

1000

Date: Fri Sep 19 14:46:26 2003 Fluoxymesterone Sigma Lot #20H0318
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Furosemide Sigma Lot #36H0944
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Hexanes Fisher Lot #991166
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n-Hydroxy-MDA HCL Alltech-Applied Science Lot #5601
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Ketamine HCI Sigma Lot #58H3534
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